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[57] ABSTRACT 
A photoconductive imaging member comprised of a 
supporting substrate; a photogenerating layer com 
prised of a bisazo compound of the formula 

Xerox Corporation, Stamford, Conn. ’ 

wherein Cp is an azoic coupler selected from the group 
consisting of 

O O 
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no C-NHAr HO C-NHAr 

(Abstract continued on next page.) 
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wherein Ar is an aromatic substituent; and a charge 
transport layer. 

33 Claims, 13 Drawing Sheets 
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BISAZO PHOTOCONDUCI‘IVE IMAGING 
MEMBERS 

BACKGROUND OF THE INVENTION 

This invention is generally directed to layered photo 
responsive imaging devices, and more speci?cally to 
photoconductive devices having incorporated therein 
certain novel bisazo compounds. Therefore, in one em 
bodiment of the present invention there are provided 
photoconductive layered imaging members comprised 
of certain bisazo compounds and arylamine hole trans 
port layers. In one important embodiment of the present 
invention, there is provided a photoresponsive device 
comprised of various speci?c bisazo compounds, in 
cluding 4,4’-bis(1"-azo-2"-hydroxy-3"-naphthanilide) 
l, 1 ’-dianthraquinonylamine; 4,4'-bis( 1 "-azo-2" 
hydroxy-3' '-naphtho-p-tri?uoromethylanilide- l , 1’-dian 
thraquinonylamine; and the derivatives thereof; and 
wherein the member further includes therein a charge, 
or hole transport layer. The aforementioned photocon 
ductors possess a number of advantages indicated here 
inafter inclusive of high photosensitivity, excellent pho 
tosensitivity to wavelengths of from about 400 to 750 
nanometers, and high cyclic stability; and further, are 
very economical enabling these devices to be readily 
disposable. Accordingly, the photoresponsive imaging 
members of the present invention are useful in various 
electrophotographic and electrostatographic imaging 
processes wherein, for example, latent images are 
formed thereon followed by development and transfer 
to a suitable substrate. More speci?cally, the imaging 
members of the present invention with photosensitivity 
of from about 400 to about 750 nanometers enabled such 
members to be useful for electrophotographic imaging 
devices, and also these members can be incorporated 
into light emitting diode printers as well as multifunc 
tional printer electrophotographic apparatuses. 
Numerous different xerographic photoconductive 

members are known including, for example, a homoge 
neous layer of a single material such as vitreous sele 
nium, or a composite layered device containing a dis 
persion of a photoconductive composition. An example 
of one type of composite xerographic photoconductive 
member is described, for example, in U.S. Pat. No. 
3,121,006 wherein there is disclosed ?nely dispersed 
divided particles of a photoconductive inorganic com 
pound dispersed in an electrically insulating organic 
resin binder. These members contain, for example, 
coated on a paper backing, a binder layer containing 
particles of zinc oxide uniformly dispersed therein. The 
binder materials disclosed in this patent comprise a 
material such as polycarbonate resins, polyester resins, 
polyamide resins, and the like, which are incapable of 
transporting for any signi?cant distance injected charge 
carriers generated by the photoconductive particles. 
There are also known photoconductive members 

comprised of inorganic or organic materials wherein 
the charge carrier generating, and charge carrier trans 
port functions are accomplished by discrete continuous 
layers. Additionally, layered photoconductive members 
are disclosed in the prior art which include an overcoat 
ing layer of an electrically insulating polymeric mate 
rial. ' 

Recently, there have been disclosed other layered 
photoresponsive devices including those comprised of 
separate generating layers, and transport layers as de 
scribed in U.S. Pat. No. 4,265,990, and overcoated pho 
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toresponsive materials containing a hole injecting layer 
overcoated with a hole transport layer, followed by an 
overcoating of a photogenerating layer, and a top coat 
ing of an insulating organic resin, reference U.S. Pat. 
No. 4,251,612. Examples of photogenerating layers 
disclosed in these patents include trigonal selenium and 
phthalocyanines, while examples of transport layers 
include certain diamines as mentioned herein. The dis 
closures of each of these patents, namely U.S. Pat. Nos. 
4,265,990 and 4,251,612, are totally incorporated herein 
by reference. 
Many other patents are in existence describing photo 

responsive devices including layered devices containing 
generating substances, such as U.S. Pat. No. 3,041,167 
which discloses an overcoated imaging member con 
taining a conductive substrate, a photoconductive layer, 
and an overcoating layer of an electrically insulating 
polymeric material. This member is utilized in an elec 
trophotographic copying system by, for example, ini 
tially charging the member with an electrostatic charge 
of a ?rst polarity, and imagewise exposing to form an 
electrostatic latent image which can be subsequently 
developed to form a visible image. 

Furthermore, there are disclosed in U.S. Pat. Nos. 
4,232,102 and 4,233,383 photoresponsive imaging mem 
bers comprised of trigonal selenium doped with sodium 
carbonate, sodium selenite, and trigonal selenium doped 
with barium carbonate, and barium selenite or mixtures 
thereof. Moreover, there are disclosed in U.S. Pat. No. 
3,824,099 certain photosensitive hydroxy squaraine 
compositions. According to the disclosure of this pa~ 
tent, the squaraine compositions are photosensitive in 
normal electrostatographic imaging systems. 
Also known are photoconductive members contain 

ing therein various squaraine compositions. Thus, for 
example, there are illustrated in U.S. Pat. No. 4,508,803, 
the disclosure of which is totally incorporated herein by 
reference, photoconductive devices containing novel 
benzyl fluorinated squaraine compositions. Speci?cally, 
in one embodiment illustrated in the ’803 patent there is 
described an improved photoresponsive device com 
prised of a supporting substrate, a hole blocking layer, 
an optional adhesive interface layer, an inorganic 
photogenerating layer, a photoconducting composition 
layer comprised of benzyl ?uorinated squaraine compo 
sitions, and a hole transport layer. Other representative 
patents disclosing photoconductive devices with squa 
raine components therein, or processes for the prepara 
tion of squaraines include U.S. Pat. No. 4,507,408; 
4,552,822; 4,559,286; 4,507,480; 4,524,220; 4,524,219; 
4,524,218; 4,525,592; 4,559,286; 4,415,639; 4,471,041; 
and 4,486,520. The disclosures of each of the aforemen— 
tioned patents are totally incorporated herein by refer 
ence. 

Further, disclosed in the prior art are composite elec 
trophotographic photosensitive materials with various 
bisazo compounds. For example, there are illustrated in 
Japanese Ricoh Patent Publication No. 6064354, pub 
lished Apr. 12, 1985, composite photoconductors 
wherein one of the photoconductor layers contain a 
bisazo compound of the formulas as illustrated. Further, 
there are illustrated in several U.S. patents layered or 
ganic electrophotographic photoconductor elements 
with bisazo, trisazo, or related compounds. Examples of 
these U.S. pat. Nos. include 4,596,754; 4,555,567; 
4,555,667; 4,440,845; 4,486,522; 4,486,800; 4,299,896; 
4,551,404; 4,309,611; 4,418,133; 4,293,628; 4,427,753; 
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4,495,264; 4,359,513; 3,898,084; 4,400,455; 4,390,608; 
4,327,168; 4,299,896; 4,314,015; 4,486,522; 4,486,519; 
and Konishiroku Japanese Patent Laid Open Publica 
tion No. 601 1 1247. 

Also of interest is US Pat. No. 4,713,307, which 
illustrates photoconductive imaging members contain 
ing a supporting substrate, certain azo pigments of 2,7 
bis(l'-azo-2’-hydroxy-3’-naphthanilide) naphthalene, 
and the derivatives thereof; and a charge transport 
layer. 
Although photoconductive imaging members With 

bisazo compounds are known, there remains a need for 
novel bisazo photoconductor devices with extended red 
or near-IR photoresponses thereby enabling their selec 
tion in imaging apparatus with light emitting diodes. 
Additionally, there continues to be a need for layered 
photoresponsive imaging members have incorporated 
therein certain bisazo compounds, which members will 
enable the generation of acceptable high quality images, 
and wherein these members can be repeatedly used in a 
number of imaging cycles without deterioration thereof 
from the machine environment or surrounding condi 
tions. Moreover, there is a need for improved layered 
photoresponsive imaging members wherein the bisazo 
compounds selected for one of the layers are substan 
tially inert to the users of such members. Additionally, 
there is an important need for layered photoconductors 
with bisazo compounds, which photoconductors are of 
low cost, high sensitivity, and possess high cyclic stabil~ 
ity. There also is a need for bisazo photoconductors that 
possess photosensitivity in the wavelength region of 
from about 650 to about 750 nanometers enabling these 
photoconductors to be selected for electrophotoa 
graphic, particularly xerographic, imaging processes; 
light emitting diode printers; and multifunctional 
printer electrophotographic apparatuses. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide photoresponsive imaging members containing 
therein certain novel bisazo compounds. 
A further object of the present invention is the provi 

sion of improved photoconductive imaging members 
with excellent extended photosensitivity to wave 
lengths of from about 650 to 750 nanometers, and excel 
lent cyclic stability, 

Additionally, in a further object of the present inven 
tion there are provided photoconductive imaging mem» 
bers with 4,4'-bis(l"~azo-2”-hydroxy-3”=naphthanilide)-= 
l, l'-dianthraquinonylamine; 4,4’-bis(l "-azo—2” 
hydroxy~3"-naphtho-p-tri?uoromethylanilide)-1,1’= 
dianthraquinonylamine; or 4,4'~bis(l"-azou2"-hydroxy 
3"-naphtho-p-tluoroanilide)- 1, l ‘~dianthraquinonyla 
mine as photogenerating pigments, 
Another object of the present invention resides in the 

provision of organic layered photoconductive imaging 
members containing therein certain bisazo compounds 
as photogenerating layers and aryl amine hole transport 
layers. 

In yet another speci?c object of the present invention 
there are provided improved layered photoresponsive 
electrophotographic imaging members containing the 
bisazo compounds illustrated herein functioning as 
photogenerating layers situated between a supporting 
substrate, and an aryl amine hole transport layer. 

Further, in yet another object of the present inven~ 
tion there are provided imaging and printing methods 

5 

45 

55 

65 

4 
with the improved photoresponsive imaging members 
illustrated herein. 

Also, in a further important object of the present 
invention there are provided disposable bisazo photore 
sponsive imaging members that are highly panchro 
matic, that is with, for example, a photosensitivity of 
from about 400 to about 750 nanometers. 
Moreover, another object of the present invention 

resides in the provision of bisazo photoresponsive imag 
ing members which can be selected for electrophoto~ 
graphic, particularly xerographic, imaging apparatuses 
for light emitting diode printers (or diode laser print 
ers). 
These and other objects of the present invention are 

accomplished by the provision of layered photoconduc 
tive imaging members containing therein certain bisazo 
compounds. More specifically, the layered photocon 
ductive imaging members of the present invention are 
comprised of speci?c bisazo compounds, which func 
tion as a photogenerating source, and in contact there 
with a hole transport layer preferably comprised of aryl 
diamines. 

Accordingly, the photoconductive layered imaging 
members of the present invention are comprised of, for 
example, a supporting substrate, a charge transport 
layer, and a bisazo compound of the formula. 

wherein Cp is an azoic coupler and is selected from the 
group consisting of 

II II 
no C-—NHAr no C-NHAr 



4,833,052 
5 6 

_ - naphtho-p=methoxyanilide)- l , l '-=dianthraquinonyla 
contmued mine; 4,4'-bis( l "-azo-2”-hydroxy-3”-naphtho-o 

II 
H0 

no 

0 
ll 

§ 

0 

N 

\\ 
o 

no 

H 

N 4@ 
N 

+ and 

N 

/ 

\ 

0 
ll 

N-Ar 

\\ 
0 

wherein Ar is an aromatic substitutent including substi 
tuted aromatic component; and a charge transport 
layer. The aforementioned cis, trans isomers are usually 
present as a mixture thereof in a ratio of, for example, 
1:1. Also, examples of aromatic substituents (Ar) in 
clude those containing, for example, from about 6 to 
about 24 carbon atoms such as phenyl, naphthyl, anth 
ryl, and the like. 
Examples of bisazo compounds selected for the pho 

toconductive imaging members of the present invention 
are represented by FIGS. 1 to 19. The aromatic substit 
uents may be substituted with various groups including 
nitro; alkoxy, preferably 1 to about 10 carbon atoms, 
such as methoxy, ethoxy, propoxy; alkyl from 1 to 
about 10 carbon atoms such as methyl, ethyl, butyl, 
propyl; the halogens chloride, bromide, iodide, ?uoride; 
trihalomethyl; nitro; and the like. 

Speci?c examples of bisazo compounds selected for 
the photoconductive imaging members of the present 
invention include 4,4'-bis(l”-azo-2”-hydroxy-3"-naph 
thanilide)- l , 1’-dianthraquinonylamine; 4,4'-bis(l "-azo 
2"-hydroxy-3"-naphtho-p-?uoroanilide)- l , l’-dian 
thraquinonylamine; 4,4’-bis(l"-azo-2"-hydroxy-3" 
naphtho-p-tri?uoromethylani1ide)- l , l ’-dian 
thraquinonylamine; 4,4'-bis(1"-azo-2"-hydroxy-3" 

15 

20 

25 

30 

35 

45 

50 

ethylanilide)— 1, l ’-dianthraquinonylamine 4,4’—bis(l ” 
azo-2"-hydroxy-3"-naphtho-p-chloroanilide)-l,l'=dian 
thraquinonylamine; 4,4’-bis(l"=azo=2"-hydroxy-3" 
naphtho-p-bromoanilide)- l , 1 ’-dianthraquinonylamine; 
4,4’-bis(l"-azo-2"-hydroxy-3"-naphtho-p~nitroanilide) 
l, l'-dianthraquinonylamine; 4,4’-bis(l "~azo-2” 
hydroxy-3"-naphtho-p-methylanilide)= l , l '-dian~ 
thraquinonylamine; and 4,4’-bis(l"-azo-2"-hydroxy-3" 
naphtho-p-bromoanilide)- l , l’-dianthraquinonylamine. 
With further respect to the photoconductive imaging 

members of the present invention, the photogenerating 
bisazo compounds can be situated between the support 
ing substrate and the aryl amine hole transport layer; or 
alternatively, the aryl amine hole transport layer may be 
situated between the supporting substrate and the layer 
comprised of the photogenerating bisazo compounds 
illustrated herein. 

In another speci?c illustrative embodiment, the im 
proved photoconductive imaging member of the pres 
ent invention is comprised of (l) a supporting substrate; 
(2) a hole blocking layer; (3) an optional adhesive inter 
face layer; (4) a photogenerating layer comprised of 
bisazo compounds selected from the group consisting of 
those represented by FIGS. 1 to 19; and (5) a hole trans 
port layer. Therefore, the photoconductive imaging 
member of the present invention in one important em 
bodiment is comprised of a conductive supporting sub 
strate, a hole blocking metal oxide or siloxane layer in 
contact therewith, an adhesive layer, a photogenerating 
layer comprised of bisazo compounds selected from the 
group consisting of those represented by the formulas of 
FIGS. 2 through 19 overcoated of the adhesive layer, 
and as a top layer a hole transport layer comprised of 
certain aryl amines dispersed in a resinous binder. 

Various known processes can be selected for the 
preparation of the photoconductive imaging members 
of the present invention, the process parameters in the 
order of coating of the layers being dependent on the 
member desired. Speci?cally, for example, in one 
method the bisazo photogenerating layer is deposited 
on a supporting substrate by vacuum sublimation, and 
subsequently the hole transport layer is deposited there 
over by solution coating. In another process variant, the 
layered photoconductive device can be prepared by 
providing the conductive substrate containing the hole 
blocking layer in an optional adhesive layer and apply 
ing thereto by solvent coating processes, laminating 
processes, or other methods, the bisazo photogenerat 
ing layer, and a hole transport layer. 

In one speci?c preparation sequence, there is pro 
vided a 20 percent transmissive aluminized Mylar sub 
strate of a thickness of about 3 mils which is coated with 
a Bird ?lm applicator at about room temperature with 
an adhesive, such as that available from E.I. DuPont as 
49,000, containing methylene chloride-trichloro ethane 
solvent, followed by drying at 100° C. Subsequently, 
there is applied to the adhesive layer an bisazo 
photogenerating layer selected from the group consist 
ing of compounds of the formulas of FIGS. 1 to 19, 
which application is also accomplished with a Bird 
applicator, with annealing at 135° C., followed by coat 
ing of the amine transport layer. The aforementioned 
amine transport layer is applied by known solution 
coating techniques with a 5 mil Bird applicator and 
annealing at 135° C., wherein the solution contains 
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about 20 to about 80 percent by weight of the amine 
transport molecule and from about 80 to about 20 per 
cent by weight of a resinous binder substance such as a 
polycarbonate material. 

8 
FIG. 21 represents imaging characteristic data for 

imaging member containing the compounds of FIGS. 2 
to 19; and 
FIGS, 22, 23 and 24 are partially schematic cross-sec 

The improved photoconductive imaging members of 5 tional views of the photoconducting members of the 
the present invention can be incorporated into numer» 
ous imaging processes and apparatuses, inclusive of 
those well known such as xerographic imaging pro-: 
cesses. Also, the imaging members of the present inven 
tion are particularly useful in electrophotographic im 
aging apparatus wherein wavelengths of from about 650 
to about 750 are generated. The imaging members of the 
present invention are particularly useful in xerographic 
imaging apparatuses and light emitting diode (LED) 
printing apparatuses, particularly those functioning at 
660 nanometers. 
The bisazo photogenerating compounds illustrated 

herein can be prepared by a number of processes as 
illustrated hereinafter. More speci?cally, for example, 
the bisazo compounds represented by the formula with 
Cp therein are generally prepared by initially tetrazotiz 
ing 4,4'-diamino-l,1’-dianthraquinonylamine with an 
excess amount, about 2 to about 10, and preferably 2 to 
about 6 equivalents of a metallic nitrite, such as sodium 
nitrite, at about —l0° C. to 25° C. in an acid aqueous 
solution, such as hydrochloric acid. The tetrazonium 
salts formed‘ were usually isolated as ?uoroborate or 
hexafluorophosphate salts, which isolation was accom 
plished by adding from about 2 to about 50 and prefera 
bly about 10 equivalents, HBF4 or HPF6 to the tet-= 
razonium salt solution. Thereafter, the salts were dis 
solved in dimethyl formamide or other similar solvent 
at 0° C. to 30° (3., and the resulting mixture is allowed to 
react with about 2 equivalent or more of an azoic cou~ 
pler, such as 2~hydroxy~3~naphthanilide, at a tempera 
ture of from about 0° C. to 30° C.; thereafter, the desired 
azo pigments were precipitated out of the solution when 
about 2 equivalents of a base, such as sodium acetate, 
was introduced therein. Subsequently, azo pigments 
were isolated by ?ltration and puri?ed by repetitive 
solvent washings. The azo pigment products were char 
acterized by elemental analysis, melting point, and IR 
spectroscopy. 
For the compounds represented by the formulas of 

FIGS. 2 to 19, the couplers selected were 2-hydroxy-3= 
naphthanilide; 2-hyd1'oxy-3-naphtho-o-methoxyanilide; 
2-hydroxy-3~naphtho‘p-methoxyanilide; 2-hydroxy-3 
naphtho-o-methoxyanilide; 2-hydroxy-3-naphtho-p 
methylanilide; 2-hydroxy-B-naphtho-p-?uoroanilide; 
Z-hydroxy-3-naphtho-o-chloroanilide; _ 2-hydroxy~3 
naphtho-p-chloroanilide; 2-hydroxy-3-naphtho-m-tri 
?uoromethylanilide; 2-hydroxy-3~naphtho~p-tri 
fluoromethylanilide; 2-hydroxy-3-naphtho-o-nitroani~ 
lide; 2=hydroxy-3-naphtho-p-nitroanilide; 2»hydroxy-3 
naphtho-o-ethylanilide; 2-hydroxy-3-naphtho-o~ 
?uoroanilide; 2-hydroxy-3-naphtho~p-bromoanilide; 
Naphthol AS-SG; Naphthol AS-GR; and 3-hydroxy 
1,8-benzimidazole-naphthalene, respectively. 
BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention 
and further features thereof, reference is made to the 
following detailed description of various preferred em 
bodiments wherein 
FIGS. 1 to 19 represent bis azo photogenerating pig= 

ments; 
FIG. 20 represents analytical data and some charac 

teristics for the compounds of FIGS. 2 to 19; 
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present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments will now be illustrated with 
reference to speci?c photoconductive imaging mem 
bers containing the bisazo compounds illustrated herein, 
it being noted that equivalent compositions are also 
embraced within the scope of the present invention. 

Illustrated in FIG. 22 is a photoconductive imaging 
member of the present invention comprised of a sup 
porting substrate 1, a photogenerating layer 3 com 
prised of an bisazo pigment selected from the group 
consisting of those represented by the formulas of 
FIGS. 1 to 19, respectively, and preferably 4,4’-bis(l" 
azo2"-hydroxy-3"-naphthanilide)- l , l '-dian 
thraquinonylamine; 4,4'-bis(l"-azo-2"-hydroxy-3" 
naphtho-p-fluoroanilide)~ l , l'-dianthraquinonylamine; 
4,4’-bis(l"-azo-2"-hydroxy-3"-naphtho-p-tri?uorome 
thylani1ide)-l,1’-dianthraquinonylamine; 4,4’-bis( l ” 
azo-2"-hydroxy-3"-naphtho-p-methoxyanilide)-1,1’ 
dianthraquinonylamine; 4,4'-bis(l”-azo~2”-hydroxy-3” 
naphtho-o-ethylanilide)- l, l ’-dianthraquinonylamine; 
4,4'-bis(l"-azo-2"-hydroxy-3"-naphtho-p 
chloroanilide)- l , l ‘~dianthraquinonylamine; 4,4’-bis( l " 
azo-2"-hydroxy-3"-naphtho'p-bromoanilide)- l , l'-dian 
thraquinonylamine; 4,4’-bis(l"-azo-2"-hydroxy-3”~ 
naphtho-p-nitroanilide)-l,1'-dianthraquinonylamine; 
4,4'~bis(l"-azo-2"-hydroxy-3"-naphtho-=p— 
methylanilide)~l,l‘~dianthraquinonylamine; and. 4,4’ 
bis( 1 "-azo~2"-hydroxy~3”-o-methylanilide)- l , l'~naph 
tho-p-dianthraquinonylamine optionally dispersed in a 
resinous binder composition 4, and a charge carrier hole 
transport layer 5 dispersed in an inactive resinous binder 
composition 9. 

Illustrated in FIG. 23 is essentially the same member 
as shown in FIG. 1 with the exception that the hole 
transport layer is situated between the supporting sub 
strate and the photogenerating layer. More speci?cally, 
with reference to this Figure, there is illustrated a pho— 
toconductive imaging member comprised of a support 
ing substrate 21, a hole transport layer 23 comprised of 
a hole transport composition dispersed in an inactive 
resinous binder composition 25, and a photogenerating 
layer 27 comprised of the bisazo compounds of the 
photoconductive member of FIG. 1 optionally dis 
persed in a resinous binder composition 29. 

Illustrated in FIG. 24 is a photoconductive imaging 
member of the present invention comprised of a sup 
porting substrate 31, a hole blocking layer 33, an op 
tional adhesive layer 35, a bisazo photogenerating layer 
37 comprised of a bisazo compound selected from the 
group consisting of those represented by 4,4’-bis(l"-azo 
2"-hydroxy-3"-naphthanilide)- l, l’-dianthraquinonyla 
mine; 4,4'-bis(l”-azo-2”-hydroxy-3"-naphtho-p 
fluoroanilide)-l,1’-dianthraquinonylamine; 4,4’~=bis( l " 
azo~2"~hydroxy-3"maphtho-p-trifluoromethylanilide) 
l, l '--dianthraquinonylamine; 4,4'“bis(l "-azo-2' ' 
hydroxy-3"-naphtho-p-methoxyanilide)-l,1'-dian 
thraquinonylamine; 4,4’-bis(l"-azo-2"-hydroxy-3” 
naphtho-o-ethylanilide)- l, l ’-dianthraquinonylamine; 
4,4'=bis(l"-azo-2"-hydroxy-3"-naphtho-p 
chloroanilide)- l , l'-dianthraquinonylamine; 4,4’-bis( l ” 
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azo-2"-hydroxy-3"-naphtho-p-bromoanilide)- l , l '-dian 
thraquinonylamine; 4,4'-bis(l"-azo-2"-hydroxy-3" 
naphtho-p-nitroanilide)- l , l'-dianthraquinonylamine; 
4,4’-bis(l"-azo-2”-hydroxy-3"-naphtho-p 
methylanilide)-1,1’-dianthraquinonylamine; and 4,4’ 
bis(l"-azo-2"-hydroxy-3"-naphtho-o-methylanilide) 
l,1'-dianthraquinonylamine; and a charge carrier or 
hole transport layer 39. The photogenerating layer is 

5 

generally comprised of the bisazo compound optionally 
l0 dispersed in a resinous binder composition, and simi 

larly the charge transport layer such as aryl diamines 
are dispersed in inactive resinous binder materials. 
With further reference to FIGS. 22 to 24, the sub 

strates may comprise a layer of insulating material such 
as an inorganic or organic polymeric material, including 
Mylar a commercially available polymer; a layer of an 
organic or inorganic material having a semiconductive 
surface layer, such as indium tin oxide or aluminum, 
arranged thereon, or a conductive material such as, for 
example, aluminum, chromium, nickel, brass, or the 
like. The substrate may be ?exible or rigid and many 
have a number of many different con?gurations, such as 
for example, a plate, a cylindrical drum, a scroll, an 
endless ?exible belt, and the like. Preferably, the sub 
strate is in the form of an endless ?exible belt. In some 
situations, it may be desirable to coat on ‘the back of the 
substrate, particularly when the substrate is an organic 
polymeric material, an anticurl layer, such as for exam 
ple, polycarbonate materials commercially available as 
Makrolon. 
The thickness of the substrate layer depends on many 

factors, including economical considerations, thus this 
layer may be of substantial thickness, for example over 
100 mils, or of minimum thickness providing there are 
no adverse effects on the system. In one preferred em 
bodiment, the thickness of this layer is from about 3 mils 
to about 10 mils. 
The hole blocking layers can be comprised of various 

suitable known materials including aluminum oxide, 
siloxanes, or silanes, reference U.S. Pat. No. 4,464,450, 
the disclosure of which is totally incorporated herein by 
reference, and the like. The primary purpose of this 
layer is to provide hole blocking, that is to prevent hole 
injection from the substrate during and after charging. 
Typically, this layer is of a thickness of less than 500 
Angstroms. 
The adhesive layers are typically comprised of a 

polymeric material including polyesters, polyvinyl bu 
tyral, polyvinyl pyrrolidone, and the like. Typically, 
this layer is of a thickness of less than about 0.6 micron. 
Examples of the photogenerating layers include the 

bisazo compounds as illustrated hereinbefore. Gener 
ally, this layer is of a thickness of from about 0.05 mi 
cron to about 10 microns, or more; and preferably is of 
a thickness of from about 0.2 micron to about 3 microns; 
however, the thickness of this layer is primarily depen 
dent on the photogenerating weight loading which may 
vary from about 5 to 100 percent. Also, it is desirable to 
provide this layer in a thickness which is sufficient to 
absorb about 90 percent or more of the incident radia 
tion which is directed upon it, and the imagewise or 
printing exposure step. The maximum thickness of this 
layer is dependent primarily upon factors such as me 
chanical considerations, for example, whether a ?exible 
photoconductive imaging member is desired, the thick 
ness of the other layers, and the specific bisazo com 
pound selected. 
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Various suitable charge transport layers can be se 

lected for the photoconductive imaging member of the 
present invention, which layer has a thickness of from 
about 5 microns to about 50 microns; and preferably is 
of a thickness of from about 10 microns to about 40 
microns. In a preferred embodiment, this transport 
layer comprises aryl amine molecules of the following 
formula 

X X 

dispersed in a highly insulating and transparent organic 
resinous binder wherein X is selected from the group 
consisting of alkyl and aryl, especially (ortho) CH3, 
(meta) CH3, (para) CH3, (ortho) Cl, (meta) Cl, and 
(para) C1. The highly insulating resin, which has a resis 
tivity of at least 1012 ohm-cm to prevent undue dark 
decay, is a material which is not necessarily capable of 
supporting the injection of holes. However, the insulat 
ing resin becomes electrically active when it contains 
from about 10 to 75 weight percent of the substituted 
N,N,N',N'-tetraphenyl[l,l-biphenyl]4,4'-diamines cor 
responding to the foregoing formula. 
Compounds corresponding to the above formula 

include, for example, N,N'-diphenyl-N,N'-bis(alkyl 
phenyl)-[1,l-biphenyl]-4,4’-diamine wherein the alkyl is 
selected from the group consisting of methyl such as 
Z-methyl, 3-methyl and 4-methyl, ethyl, propyl, butyl, 
hexyl and the like. With halo substitution, the amine is 
N,N’-diphenyl-N,N'-bis(halo phenyl)-[l,l’-biphenyl] 
4,4'-diamine wherein halo is 2-chloro, 3-chl0ro or 4 
chloro. 
Other electrically active small molecules which can 

be dispersed in the electrically inactive resin to form a 
layer which will transport holes include, bis(4-die 
thylamino-2-methylphenyl)phenyl methane; 4’,4”-bis( 
diethylamino)-2',2"-dimethyltriphenyl methane; bis-4 
(diethylaminophenyl)phenyl methane; and 4,4'-bis(die 
thylamino)-2,2'-dimethyltriphenyl methane. 

Providing the objectives of the present invention are 
achieved, other charge carrier transport molecules can 
be selected for the photoconductive imaging member of 
the present invention. 
Examples of the highly insulating and transparent 

resinous material or inactive binder resinous material 
for the transport layers include materials such as those 
described in U.S. Pat. No. 3,121,006, the disclosure of 
which is totally incorporated herein by reference. Spe 
cific examples of organic resinous materials include 
polycarbonates, acrylate polymers, vinyl polymers, 
cellulose polymers, polyester, polysiloxanes, polyam 
ides, polyurethanes and epoxies as well as block, ran 
dom or alternating copolymers thereof. Preferred elec 
trically inactive binder materials are polycarbonate 
resins having a molecular weight (Mw) of from about 
20,000 to about 100,000 with a molecular weight in the 
range of from about 50,000 to about 100,000 being par 
ticularly preferred. Generally, the resinous binder con 
tains from about 10 to about 75 percent by weight of the 










